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ABSTRACT

We formulate a simple model for the final state interaction with an
intermediate A in deuteron break-up induced by medium energy hadrons

end we test its prediction. The result is in very poor agreement with
data 1if the intermediate A has its real width and it becomes comparable
with data, for small width [I'"10 MeV. This is explained by the strong
coupling of the decay meson to the spectator nucleon, which provides the
Born term for our transition amplitude. Although data and theory are

in a rather primitive stage to determine the AN scattering length,

we see that the effect is sensitive to this fundamental quantity.

* Supported in part by INFN, Sezione di Trieste
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1. - INTRODUCTION

It is a well known experimental fact that the high momentum part
of the spectator distribution in deuteron breask—up induced by high energy
hadrons, cannot be described by the spectator model. The disagreement
seems to derive from a strong final state interaction of the two nucleon,
which form a virtual AN state. This idea was first suggested by the
Dubna-Warsaw Collaboration 1) (Aladashvili et al. 1975), who examined
the high momentum tail of the spectator for the reaction pD - pnp in
the charge preserving and charge—exchange sector; the large difference

)

between the two sectors led them to the above hypothesis. We . have
recently studied the channel dependence of the effect, for other 10
reactions and we found that various ordinary multiple scattering
diagrams were not able to reproduce the data: assuming the presence of

a AN virtual state in the nucleon-nucleon final state interaction, we
could reproduce qualitatively the channel dependence of the effect. Here
we develop further this idea, constructing a simple model: this model is
based on the calculation of the diagram of Fig. 1. The diagrammatic
technique to study rescattering processes was proposed long time ago and
it was applied (Shapiro) with great success by his collaborators. As
often stressed in the literature it boils down to Watson multiple scattering
theory, if the spectator nuclecons are taken on the mass shell; but it

has the advantage to be originally relativistic, and it can describe easily

exotic process, like the one we study here.

In Sect. 2 we calculate explicitly the diagram of Fig. 1, neglecting
the dependence on the internal variables of all vertices, but for the
deuteron, on the account that this dependence is the most dramatic one.
We calculate also the AN » NN inelastic amplitude, using a 2-channel
K-matrix approach and the =NA vertex, using the Rarita-Schwinger spinor

for the A.

In Sect. 3 we calculate the 3 body phase space in terms of the various

kinematic variables we are interested.

Finally in Sect. L4 we discuss the detailed predictions of the model

for various experimental data.

We conclude in Sect. 5 discussing other possible approaches.
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2. — FORMULATION OF THE MODEL

The diagram of Fig. 1 can be written down using Feynman rules

(Bjorken and Drell)

- 2 2 5 o 2

~ i L G(E)Tl((M_EO) ,(E_Eo) IA,AO)Tz((E—EO) ,E, cosh )
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where M is the deuteron mass and m,m, are the nucleon and the delta
mass: E is the total energy of the final two nucleons and 6 their C.M.
angle: (K,Ao) is the momentum transfer and G is the deuteron vertex
function. Expressing G through the non relativistic deuteron wave function
(Bertocchi and Capella, Alberi et al. 1972) and reducing the lower

internal line to the mass shell we get

- -~

o~ T 1 dBE T
T = (1673M)2 [=— y(&) =122
(em)" Eo (E—Ec)z—(A-E)z—mz+iE (2.2)

Neglecting the off-mass shell dependence of T; and Tp we can perform
the integration, provided we choose for ¥ (£) a form of the Hulthen type
(Hulthen and Sugawara); we can also take in account that the A is an

m,—-il'/2 where T is its measured

unstable particle and substitute to m,ys M,

width.
2
Taking a pole wave function, for the deuteron, and neglecting I' /b
compared to mi, we get
1 i.n.Z

% = -_JL1$ (1673 M)? /Y El(z,ﬂo) %Z(E,cose ) — Y (2.3)
(em) m A

where Y(x) = —% J( -



a. The triangular graph.

Using the non relativistic approximation for the propagator (Shapiro)
one gets

2
_ 24 £ d& dcosH' 1
¥ = iw J

2

VR (2m, (B-£om,)~(2-8) +iIm,)

The angular integration is easily done, taking as z axis the direction

>
of A

Y(x) < Jw gd e, (& A/2)2—e‘2—iFgA/2

: 4
L s 0k (E+0/2)2-e"2-1 Fmﬁ/2

where

m
e'? = (1 - %?) (m m-(2x2+42) /1) +-;§ g

and € 1s the C.M. momentum of the two final nucleons. The use of standard

complex plane integration method leads to the closed form

ix =A/2 + Ye'24iTm
W = dn 442 (2.14)

ix +A/2 + Ve'2+irm

AJ2

b. K-matrix formalism.

Being the energy of the two final nucleons, reasonably low, because
of the cut off in t = —A2+A§, we expect that only the AN channel is open:
furthermore since we are close to the AN threshold, we expect the £ wave
to be dominant in that channel. Being the isospin 1 and the parity even,
the nucleons have to be in a spin singlet state because of Pauli principle,
therefore their only possible orbital angular momentum is 2. This is an
ideal situation for applying the multichannel K-matrix formalism (Ross
and Shaw). In their approach the T-matrix is expanded in spherical

harmonics
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, B24+]
M-1q
(Si £ is the spin of the channel)
wvhere g is a diagonal operator, where matrix elements have exactly that

form with q the C.M. momentum of the channel and % its orbital angular

momentum. The M operator is closely related to the K-matrix (Pilkuhn 1967)

(2.6)

In our case there are only 2 channels; channel (1) is NN in the state

2.,

21 = 2, 87 = 0 and channel (2) is AN for £; = 0, S» The transition

matrix element is

2
(=) a1 M
1 12
Ty, = 87 ¥5 Vin Yo (9) (2.7)
(My1-iq?) (Map-iqp)-MyoMpq
where
T SR 2
My = AT e LT (2.8)

in the effective
approximation is

only as 2° order

range approximation. While for the channel (2) this
justified, being gqp ~ O, for the channel (1) it is meant,

polinomial approximation for the function q? cot 67 in

the region of interest.

C.

Spin analysis.

To calculate the cross section, we have to average on the spin state

of the deuteron and sum on the orbital angular momentum states of the final

nucleons
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where VS'S is the spin dependent part of Tl
z Z

v = U (s )P =— u(sz) (2.10)

where U and p are Rarita-Schwinger and Dirac spinor and P“ is the nucleon
momentum; 6 is the C.M. angle of the nucleon in the final state: the spin
notation is given in Fig. 2. As stressed before, this term devends slowly
on the nucleon interval momentum and can be calculated for the value

Pu = (a,m). This is close to the most probable value, according to the
deuteron wave function. For this configuration the momentum of the inter-
mediate A is fixed and equal to the 3-momentum transfer : . Being s along

the z axis, the form of the Rarita-Schwinger spinors is very simple

U, (#3/2) = u (£3) e (#1)
L. % V2
U (x3) = + 3 +1) + +3 o
. (£ 3) 7§'u( 3) Eu( 1) 75U (£3) eu( )
because
+1 0
1 i, 1 0
+ . — -
Eu (1) V2 0 Su(o) m, Ag
\ 0 A
Therefore, only the matrix elements V+1 il survive, because only
—23—2
Eu(o)Pp(o) is different from zero. It is easy to calculate from (2.8)

the angular distribution of the nucleons
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Integrating on cos® , one gets

2

g I | (2.12)

2
d cos8 6

fag |v

=
noj=

which establishes the relation with the differential cross section for A

production on nucleon

(2.13)

The index P means pseudoscalar.
This relation becomes more complicated if T; is the sum of a
pseudoscalar and a vector meson exchange (m+p). The pNA vertex is,

according to Jackson and Pilkuhm in the notation of Bjorken and Drell

- 3 G
= P O 1
Woig Uu(sz) [Gl Suv mtm AuYu]Ysu(sz) (2.1L4)
Z Z A
Doing explicitly the matrix elements, we realize that W(1/2 +3/2)=O
2

then the differential cross section for vector meson exchange is simply

given by
2 2
4o = | W11I +| Wi l| (2.15)
dt 55 B8
v
on the other side the explicit calculation of (2.9) and the angular
integration gives
4o _ T R gk 5 . 6
i =55 rw%_%[+2\w%%|+6|v%%| (2.16)
BT ‘_1.9|
Wowy 3 B®'p

With another type of pNA coupling, recently used by Joynson for studying

" ++
the reaction pp2nd ,

=GU - 2.1
¥ers, =G UL(8,) oy, (BHANEA) u (s) 8



one obtains

2 (2.18)

o\
=3

nil=
ol

do _
J uH d cos8

as done in the Appendix A.

d. Isospin.

Analogously to the spin case, we fix the notation in Fig. 3 and we

write down the isospin sum

w2 ) tZT' <00|3 t_,3t!> < 3!t _[3/2 T!> *
Z z

;
x <3/2 Té 3 tz‘ l,TZ> <Tgs Taz;l,TZITC T 3

which becomes for the case of charge exchange
(1,1} WJW/E-T <t %= 1z |%w = 3
) 3 a az z' ¢ cz

This expression can be easily connected when squared and spin averaged,

s " s T
to the differential cross sectlon for the process ap + cA

2
|T(1,1)] =~ % o - (2.19)

3. - REDUCTION OF THE PHASE SPACE

The use of relativistic invariance leads to a simple (Byckling and

Kajantie) reduction of the 3-body phase space for a 2-+ 3 process (Fig. L)

0
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where ¢ = 2VA{s mi,m%) and A is the triangular function; @ is the solid

angle of one of the two nucleons in their center of mass. For the other

symbols, see Fig. L.

From energy-momentum conservation
; =" 2 = _ _ 2
(pa Pc) (py, - 1 P2)
which in the C.M. of the two nucleons becomes
t = M2+ m%z -2 Emyy (3.2)

that is a relation between the energy E of the deutercon in the C.M. of the

two nucleons and t.

From relativistic invariance we get
(pb—pz)2 = M2+m2—2qu+2Pq cosh = M2+m2‘2Mso (3.3)

: > ;
being pS = (pS So) and q the momentum of the nucleon in the rest system
> >
of the deuteron and in the C.M. of the nucleon pair respectively. P is

the momentum of the deuteron in the latter system.
Using the notation

and yz—x2= 1

=+
D]
1
==

we get from the above relation cos® as function of the nucleon momentum

cosh - ¥ 995—8g (B-h)
xq

0
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Imposing that

- 2
cos28 = 55 < 2l
X q

we get the following inequality

y2m? - 2y qo S0 + 55 + g2 < O

which gives the kinematical limits on y and x

QoS0 * Qp

x m

Vyz—l < X < Vyi -1

Using equation (3.2) and (3.4) we write down the Jacobians

’d cosel p, 1 l dt 2m, , Mx [ dmj o | 4 q
dp, ' Cieeomg L ET @ dqg ' T mp,
do P M Ty
—— = -5 dq_2 E b ]T|2
dp So 922313 ¥
s z_
where
— . 2_
x, = min (/&+ 1, x(t+))
X_ = max (V&f-l, x(t_))
and
S 2 2442 2
z(t ] /(M m{., ) 2+t—ot (M2+mi, )
t, are limits of the Chew-Low plot (Byckling and Kajantie)
= m? +m? - P LT, ST,
t, m +m? [(Sa.b+ma M )(s_ab my g )

£/A(s_ m2 ,Mzmsab,m%z,mg)] / (2s,, )

The allowed region for q? is given by the condition X, >X_.

D

(3.5)

(3.6)
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4, - COMPARISON WITH EXPERIMENTAL DATA

In this section we consider the prediction of the model for the two
charge exchange reactions K+D-+K*°pp and pD > npp and compare them with
existing experimental data. If we assume that the corresponding reactions
K+p-*K°xA++ and pp'*nA++ occur through peripheral meson exchange, the
m-meson and vector meson exchanges are weighted in a different way in the
two reactions. Therefore, one can in principle find useful information

(+)

about the coupling of vector mesons to the deutercn
For the angular distribution of the protons in their center of mass

a pure m-meson exchange gives a definite prediction, coming from (2.11)

do
d cosf

v (143 cos26 ) 3 [V44]2 (L.1)
This prediction is independent from the specific form of the matrix
element, which depends only on m.,. and t. The data of Poster et al. for the

12

K°* pp at 2 GeV/c are showing reasonable agreement with this

process K+D-+
simple prediction (Fig. 5). From the angular distribution of the decay
products of Kox, one finds experimentally that the m-exchange is dominant
(Buchner et al. and Giacomelli et al.) and this feature is present also

(++)

at high momenta of the spectator . Therefore we neglect for this

reaction the contribution of vector meson exchanges.

The t-distribution for the same process, can be studied inserting

expression (2.3) in (3.1), and the result is

do _ 2M q% S) ﬂi 2 5 dg x
= oL £ dg
dt A(s,mk,M) m 3 6 dt K+p+h.oiﬂ++
4,2
1 Aol 2L o 2 e
e I S12|F12! ‘52|th)'¥(3}|<1 /sy, + B
2.13

(+)

It is clear however that the best reaction for this purpose, would be
+
m D+1°pp.

Private communication of G. Giacomelli.

(++)

-
™
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where s; refers to the reaction K+p—+K°xA++, with the proton of the
deuteron at rest,+and %% K+p+K°*A++ = 1L,56 es'Tlt mb/(GeV/c)?2
(Flaminio, UCRL K N); H is the normalization factor for the Hulthen
wave function. Fj, is the partial wave transition amplitude for the
NN+AN in the I=1 channel (Tj, = 8nvs vVhr Fio Yg ().

The background B includes the impulse approximation and the ordinary
final state interaction considered in Alberi et al. (1976). The
interferences are neglected here because the D-wave spin singlet part

of these terms, which can interfere, is only a small part of B.

The background (dashed line) and the result of (L.2), are given
in Figure 6, where the parameters of the AN interaction at low energy

are

App =8 F Bypp = 1.32 F Ay, = (.438 F)3

The other parameters Aj;; = -1.8022L (Ge‘."/c)_5 By; = 2.76819 (Gev/c)3

determined using the N-N phase shift analysis for 1 = 2 and S = 0. The

are

width of the A is assumed to be T = 10 MeV. Trials with the experimental
width of the A , have shown that it is impossible to get results, compa-
rable with experiment using reasonable values for the AN scattering length.
This could be understood, representing the propagation of the A in coordi-

inr-yr
nate space e Ll

where yvI' : the finite width of the A means that before
interacting the A could decay and result in a Nw N state. However, if the w
is virtually absorbed by the other nucleon, this does not amount to an ab-
sorption from the final channel NN. Since this probability is quite high
in that region, as shown by Riska et al.(1976) for a strictly related pro-
cess, it is plausible that also the effective width in the treatment is

very small.

The invariant mass distribution of the two protons in the final state
for the reaction pD +npp (Aladashvili et al. 1976) shows a peak around the
threshold for the AN channel. This was interpreted in our previous work
(Alberi and Baldracchini, 1976), with the presence of a virtual AN state
in S-wave but no serigys attempt was done to fit the data both in form
and in absolute value. Here we do that, using the formulas (2.3), (2.7)
and (2.12) to get:



_lh_

mfyq s,(s,-km2) s 2

g. F *
A(S&b,m;, Mz) g 3 ' 12‘
(+.2)

| ¥(a)-1(81|% 52 + B
oprnatt

«L5 1 [ mex 3 4o
x dltlﬂ' (143 cos®68) 4 cosb -y
t—1 il

the upper limit for the cos® integration is determined by the lower limit

for P> and it is

20y = (F(t)ao = s0(.3))/(x(t)ao)
being P * 3 GeV/c. We extrapolate the value of %%‘g 44 from 2.8 GeV/e
(NN and ND Interactions) down to 1.65 GeV/c, using t g+ggaling law

q%s %% = const valid for any particle exchange; this law was checked
in the region above 2.8 GeV/c. The result is

do _ 11.8t, 2
e ™22 e mb/(GeV/c)

pp*nh
The result of (4.3) are compared with experiment in Fig. 7 a). Both

m and p exchange are used to describe the reaction pp+nA++, with the Pilk-

; ; N .
uhn ansatz for the pNA coupling (2.14) being éﬂﬁFé = .35 (Riska et al.)
and being the form factor F(t) in (B.3) equal to e6t; this corresponds
2 dg
to substitute (2.16) to 5/6 2 A

the background B' is done, consistently with experimental data: a real

++s in (4.3). A reasonable guess for

calculation of B' would not improve gualitatively the situation. The AN

; 4
parameters are the same as used for the reaction K D+K°xpp. The dashed
line is obtained using formula (L4.3) as it is, which corresponds to assume

. ++ .
that the reaction pp+nA occurs via m—meson exchange only.

In Fig. Tb) the Joynson couplig for pNA 1is tried. The dashed line
is the result for Asp = 16 F, which shows the sensitivity to the AN scat-
tering length. -

From the comparison between Figures Ta) and Tb) we realize that the
result is guite sensitive to the form of the pNA coupling, but it is also
sensitive to the value of the AN scattering length. We can conclude also

that to take in account p-exchange, gives a suppression in the effect,

* The results are insensitive to Ajs, Bpo. For big changes of Ajp, they
become very small.
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smaller in Ta) and larger in Tb). This suppression could explain the sy-
stematic overevaluation of the effect by the simple probabilistic model
of Alberi et al. (1976) (Fig. 17) in the charge exchange reactions like

+ : >
m D>1°pp, where the vector meson exchange is dominant.

It is worth mentioning here that we cannot describe the whole mass
spectrum with our model, because the effective range expansion is valid

only around the AN threshold.

Let us consider now the spectator distribution where the anomaly
was first discovered (Alberi et al. 1976). This distribution is very
important from the practical point of view, because it provides and easy
way to check the validity of the spectator model: to avoid the comwmlication
of the high momentum tail, the neutron cross section was extracted, using
only the events with pg < .25 GeV/c. 1In this.procedure it was implicitly
assumed that the dominant phenomenon at high momenta, gives a negligible

contribution for O < P < .25 GeV/e.

The kinematics of the spectator distribution is discussed in Sect. 3.

The complete formula for the reaction pD+npp is

min x+,x(t=—.1)

gg = M 2 d_.X_ 2
ap_  $227r 7mg+p§ qu Jy 2|%)

max{x—yx{tmin) )

where b =2 /A{sab,mé,Mz)

3 2
z|T|?= (167 M)2bmqis) % = , v (s) -%/E;&% /g

/iq /?ii
at | at
an+cp

Am%g(s)ae {i(¥(a)-¥(B))Ty,} x
c

ap

2

° 12 s dg H -
x Yo(cost)t3 Tty G | ZaZ 4 [Y(@)-X(8)[2 x [Fia
ap+ch

x %—(l+3 cos?0) l (4.L)

e
~
-
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The numerical outcome of this expression is compared in Fig. 8 with
the data of Aladashvili et al. (1977) for the spectator distribution with
|t| < .1(GeV/c)? Our theoretical curve is normalized to the experimental
points at i M .05 GeV/c; the modification of the spectator model predictions
due to normal final state interactions were studied in the above quoted paper
and amounts at most to 10% corrections. The effect of the peak in the inva-
riant mass of the two protons, is resulting in enhancement at high momenta,
because of kinematical reasons high momenta correspond to high invariant

masses of the two protons, as shown in the Dalitz plot of Fig. 9.

The dominance of this phenomenon at high momenta of the spectator,
seems true also for other 10 reactions studied by Alberi et al. (1976):
indeed the relative importance of the effect was explained by the relative

strength of the A production on nucleon.

5. - GENERAL DISCUSSION

The general idea of this paper is to interpret the bump in the invariant
mass of the two protons in the charge exchange reactions on deuteron, as final
state interaction of the two nucleons with an intermediate A. This inter-—
pretation would be consistent with the analysis (Satoh et al.) of the analogous

phenomenon for the Ap channel in the deuteron break up induced by medium

energy Ki

This approach is not inconsistent with the approach of Poster et al.
where in the hypothesis of pure m—exchange, one uses for the coupling of the
m to the deuteron, the data for the reaction ﬁ+D+pp. This idea was
exploited in Aladashvili et al.(1977)giving reasonable agreement with
experimental data, for the reaction pD*n pp. In this treatment one implicitly
assumes that the p coupling to the deuteron is 0, as it would be for our
model in the Joynson coupling. On the other side this conclusion is difficult
to accept, on the basis that the high momentum tail is present also for
reactions like W+D+ﬂ°pp where the p exchange is very important (Alberi et al.
1976). Actually these reactions could be useful to extract, using the Poster

method, the p-coupling to the deuteron.

1€
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The current theoretical treatment for G(N+D+pp) (Green and Niskanen,
Riska et al. 1976) using the meson exchange approach for weak and electro-
magnetic interactions, is a possible alternative to our approach. This
approach is much more complicated, but it has the advantage of being able
to calculate more carefully the effect in the low mass region. Indeed there
is a relativistic effect, Seagull term, which is not taken in account in a
non-relativistic scattering theory and is important at low masses (Riska
and Brown). The global effect was calculated already by Mosconi and Ricei
for electron disintegration of the deuteron: it turns out to be additive
to the spectator part and of the order of 2% at small momentum transfers.
The calculation for the hadron charge exchange case, is in preparation and

will be published in the next future.

With our approach, however, we have gained physical understanding of
an exotic final scattering state occurring at 300 MeV C.M. kinetic energy
of the two proton and we have related it to the high momentum tail of the
spectator distribution. The "energy" of this virtual state can be determined
by the comparison with experimental data. The parameters are clearly useful
to study the same state in the AN channel: this could be done for the state
seen in the reaction y“*He>AN(NN) (Argan et al.); here an I = 2 part is not
excluded, but since we know how much is in I = 1 state, one could use our

approach to extract information on the I = 2 sector.
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FIGURE CAPTIONS

Fig: 1 —
Fig. 2 -
Fig. 3 -
Fig. 4 -
Fig. 5 -
Fig. 6 -
Fig. T -
Fig. 8 -
Fig. 9 -

Diagram for nucleon-nucleon final state interaction with A-N

intermediate state.

Spin notation.

Isospin notation.

Kinematical variables in deuteron break-up process.

Angular distribution of one recoil proton in the 2 proton C.M.,

+
for the process K D+K°xpp at 2 GeV/c. The data are taken from
the preprint of Poster et al. The theoretical curve is the simple

expression (1+3 cos?8) form (L4.1), normalized on the data.

The t distribution for 2.13 = Mpp < 2.19 GeV for the process
KD+ K°%pp at 2 GeV/c. The dashed line is the background.

The mass distribution of the two protons in the process pD-+n pp

at 1.65 GeV/c. The data are from Aladashvili et al. (1976). The
curves are obtained using (4.3). The dashed line in (a) corresponds
to pure (4.3), the solid line to a w+p exchange using Pilkhun
ansatz for the vector coupling. In (b) the Joynson ansatz is

used and the dashed line corresponds to a larger value of the

AN scattering length.

The spectator distribution for pD — n pp at 1.65 CeV/c. The data
are from Aladashvili et al. (1976). The solid curve is the complete

theory (4.4). The dashed curve is the spectator model.

The Dalitz plot Ps_Mpp for pD»n pp at 1.65 GeV/c. In the smoked
area the cross section is suppressed for kinematical reasons

(x, - x_ is small).
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APPENDIX A

Expression (2.2) can be computed more carefully than in the main text,

taking in account the angular dependence of the lower vertex of '1"1

T, =A t—_%;——B (p.1)
e

(me is the mass of the exchanged particle) B depends on the spin projections

s;, SZ (See Fig. 2). The expression of the triangular diagram is therefore

~ _ _ m(16m3M) il 1 i
T - (21'[')1" A t—m_g I(SZ,S Z) TZ (A.g)
where §
d“n B(S, ,8)
f Vi . A
I{Sz’sz) f m m2+n2—23ncose'+x2)(EmA(E—m—mA)—nZ—EL(ﬁ;ﬁ)2+ie)

A

In the definitions of the Rarita-Schwinger spinor, the polarization vector

is the rotated version of the definition, of Sect. 2c¢

tsing'+1i cos¢'coso!' nocos¢' sinf’
Eu{il)=/% ¥cos¢'+% s%n¢'cose' Eu(o) _ i_ NoSing' sind'
-1 sin’ A necoss’
0 n

; >, ; ;
being ¢',8' the polar angles of n, in a system with % as z axis.

For a pseudoscalar exchange the lower vertex is (Jackson and Pilkuhn)

*
. :
Bp(sz,sz) = = U, (a0 R uls) (A.3)
where P is the nu%leon momentum. The matrix elements are, neglecting terms

of the order n ,Dh,nA, small compared to square masses

v
o

AN
b



Bp(i3/2, +1/2)
BP(iB/e, F1/2)
Bp(il/2,il/2 )

Bp(tl/2,;1/2 )

where

C = (Em) (E+m,)

e

lie

e

For a vector meson exchange

B (8 .&* )= ﬁL(SZ) {

v 2 Z

where the v index is saturated with the polarization vector of the

exchanged vector meson.

Bv(i3/2,tl/2)

Bv{i3/2,$1/2)

BU(¢1/2,¢1/2)

x
GT (1)
0
G*
L
G;
m

Gl guv

22

sinﬂ'/'g

G, :
o a,1|vutsy)

5

m+m
A

;%-//%g (2nng+nAg—ngcost!)

(-i) & sine'Jfg

2

In the same approximation as above

¥4

14

e

G

i sin®'

T T T/R2E

m-+m

sin

2C

+_.§2._(

sin®'

V6C

Go

m+m
A

P
1 2
i a—z /’EE'[G1n0g3v cos®' (B ncosh'-DA)

Gp
m+m

A

o ;

—Z_ (g 6\)3)}

=N 1
5 (1+cosb')(

ﬁluiiﬁzv)(—iAC)]

{Glggv (Bn cos®' -DA)

_iglu;ng)

B; : =
{61 22 (1-cos0') (igavTany)

(8yti6y,,) (—iAC%

(-nAo-ne Acos®')C 53v}

™~

(A.b)

(4.5)
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= . sin@! G
Bv(il/2,+1/2) T #i 7 !—Glggv(Bn cos®'-DA) + 5;3;— 83y CA}

L‘/’_i B s 240 bl
e n 3C {Gl o 5 sin 6'(g1,+ig2y)

G -,

+ E;ﬁ;— (61y+ i6py)(-nAg—n, cosb') C}
Both in expressions (A.L4) and (A.6), also terms in sing', cos¢',

sing' cos¢' are neglected, because they vanish in the ¢' integration.

The terms sin2¢' cos2¢' are replaced with 1/2, being their integralm .

So these terms can be just inserted in (A.2) for integration.

If the nucleon momentum is equal to 0,(;,no) becomes (K,Ao) and
looking at expressions (A.4),(A.6), one realizes that only few matrix

elements survive as indicated in (2.11) and (2.15).For the coupling (2.16)

u (s' )

T 1 o=t = 7
B v(s 48 Z) 20 Uu(SZ) €\vku Avnk .

Z

2 1
Most of the matrix elements contain a factor eV , which cancels in

the integration. Therefore we are left with

2 . 3.
B! (¥1/2,41/2) =+ w22 in & S;Z 8" (n2-9 (A.8)

In the limit P = 0, also this matrix element is O and one obtains (2.17).

APPENDIX B

The m-meson exchange amplitude for the reaction NaNb+NcA is

x

T, = GG i(e)ys ula) u, (A)by u(b)F(t) (B.1)

where bA is the four momentum of the nucleon and F(t) is the form factor
which takes in account of the absorption effect in the final state.
Calculating the average on the initial and sum on final spin states, we

obtain

g &
by

“ €



- Bl =

o1
=]
I

tr [(hm) (gom)] o { (Bom) (o)

1 2 L 1 " ]
3 bk bu[mg Au AR guA YuYA+ m, (YfH1 u Al) }

2 (awc - n2)(b tum,) ( (—:liﬁ)-z — ) (B.2)

The m-meson exchange contribution to the differential cross section is

25 pIlT )2 R o re  BRw

_ i LE SRR i [P W
dt " T bhws g T (t)c Lm  Ln . 6u? s qz (B.3)

2

x (=6)((mtm,) ~t)

where bA is the 3-momentum of the nucleon b in the rest system of the A.
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